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HAPTIC ACTUATOR AND VIBRATING
MOTOR WITH THROUGH HOLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C. §
119 to Japanese Patent Application No. 2020-217900, filed
on Dec. 25, 2020, the entire contents of which are hereby
incorporated herein by reference.

1. FIELD OF THE INVENTION

The present disclosure relates to a vibrating motor and a
haptic device.

2. BACKGROUND

Conventionally, various devices such as portable devices
like smartphones have been provided with a vibrating motor
as a vibration generator. The vibrating motor 1s used for a
function of notilying the user of an mcoming call, an alarm,
or the like, or a function of haptic feedback in a human
interface, for example.

A vibrating motor includes a case, a coil, an elastic
portion, and a movable portion. The movable portion
includes a magnet. The movable portion and the case are
often connected by an elastic portion. When the coil 1s
energized to generate a magnetic field, the movable portion
vibrates.

Here, 1n a case where the movable portion 1s not sup-
ported in the radial direction orthogonal to the vibration
direction, there 1s a possibility that the manufacturing eth-
ciency of the vibrating motor decreases 1n order to accu-
rately arrange the movable portion in the radial direction.

SUMMARY

An example embodiment of a vibrating motor of the
present disclosure includes a stationary portion, and a mov-
able portion able to vibrate with respect to the stationary
portion along a center axis extending 1n a vertical direction.
The stationary portion includes a bearing portion which
supports the movable portion to be able to vibrate along the
center axis and has a tubular shape extending along the
center axis, and a coil which directly or indirectly opposes
at least a portion of the movable portion 1n a radial direction.
A lower end portion of the bearing portion has a tubular
shape extending along the center axis. A communication
hole which penetrates 1n the vertical direction and allows an
outside of the bearing portion and an inside of a portion
above the lower end portion of the bearing portion to
communicate with each other i1s provided on a radially inner
side of the lower end portion. At least a portion of a lower
surface of the movable portion overlaps the communication
hole 1n the vertical direction.

The above and other elements, features, steps, character-
istics and advantages of the present disclosure will become
more apparent from the following detailed description of the
example embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a vibrating motor accord-
ing to an example embodiment of the present disclosure.
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2

FIG. 2 1s a longitudinal sectional perspective view of a
vibrating motor according to an example embodiment of the

present disclosure.

FIG. 3 1s a longitudinal sectional view of a vibrating
motor according to an example embodiment of the present
disclosure.

FIG. 4 1s a perspective view 1llustrating a configuration
related to an electrical connection between a board and a coil
according to an example embodiment of the present disclo-
sure.

FIG. 5 1s a sectional view illustrating a step in a manu-
facturing process ol a vibrating motor according to an
example embodiment of the present disclosure.

FIG. 6 1s a longitudinal sectional view 1llustrating a partial
configuration of a vibrating motor according to a modifica-
tion of an example embodiment of the present disclosure.

FIG. 7 1s a perspective view illustrating a lower end
portion of a bearing portion according to another modifica-
tion of an example embodiment of the present disclosure.

FIG. 8 1s a view schematically illustrating a touch pen
mounted with a vibrating motor according to an example
embodiment of the present disclosure.

DETAILED DESCRIPTION

Example embodiments of the present disclosure will be
described hereinbelow with reference to the drawings.

Incidentally, in the drawings, a direction 1n which a center
axis J of a vibrating motor 10 extends 1s referred to as a
“vertical direction”, an upper side 1s referred to as X1, and
a lower side 1s referred to as X2. Incidentally, the vertical
direction does not limit the attaching direction of the vibrat-
ing motor 10 when the vibrating motor 10 1s mounted on a
device.

A radial direction with respect to the center axis I is
simply referred to as a “radial direction”, a direction
approaching the center axis J 1s referred to as a radially
inward direction, and a direction away from the center axis
I 1s referred to as a radially outward direction.

FIG. 1 1s a perspective view of the vibrating motor 10
according to an example embodiment of the present disclo-
sure; FIG. 2 1s a longitudinal sectional perspective view of
the vibrating motor 10 illustrated in FIG. 1. FIG. 3 1s a
longitudinal sectional view of the vibrating motor 10 1llus-
trated 1n FIG. 1.

The vibrating motor 10 includes a stationary portion 1 and
a movable portion 2. In this example embodiment, the
vibrating motor 10 further includes an elastic portion 3 and
a board 4. The movable portion 2 extends along the center
axis J. The movable portion 2 can vibrate with respect to the
stationary portion 1 along the center axis J. The center axis
] extends 1n the vertical direction.

The stationary portion 1 includes a bearing portion 12 and
a coil 13. In this example embodiment, the stationary portion
1 further includes a housing 11 and a top surface portion 14.

The housing 11 1s a cylindrical member extending in the
vertical direction. Incidentally, the housing 11 1s not limited
to the cylindrical shape, and may have, for example, a
quadrangular tubular shape or the like. That 1s, 1t 1s sutlicient
if the housing 11 has a tubular shape extending in the vertical
direction. The housing 11 i1s made of a magnetic matenal.
The magnetic material 1s stainless steel, for example. The
housing 11 houses the movable portion 2 and the elastic
portion 3. In this example embodiment, the housing 11
turther houses the bearing portion 12 to be described later.

The bearing portion 12 1s a tubular sleeve bearing extend-
ing along the center axis J. The bearing portion 12 1s made
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of, for example, a resin having a low friction coeflicient and
a low wear property. The resin 1s, for example, polyacetal
(POM).

The bearing portion 12 has a hollow portion 12A extend-
ing in the vertical direction. The bearing portion 12 includes
a first region 121, a second region 122, and a third region
123. The second region 122 i1s arranged below the first
region 121. The third region 123 is arranged above the first
region 121.

The first region 121, the second region 122, and the third
region 123 are integrally formed. That 1s, the bearing portion
12 1s formed by integral molding. In the configuration
illustrated 1n FIG. 3, an mner diameter D1 at the upper end
of the bearing portion 12 1s smaller than an inner diameter
D2 at the lower end of the bearing portion 12. The inner
diameter D1 1s slightly smaller than the inner diameter D2.
As a result, 1t becomes easy to remove a mold downward at
the time of manufacturing the bearing portion 12 by integral
molding. Further, when the movable portion 2 vibrates in the
vertical direction, the region close to the center of the
movable portion 2 in the vertical direction 1s supported by
the upper end of the bearing portion 12, so that the movable
portion 2 can be suppressed from swinging in the radial
direction from the center axis J, and thus the vibration of the
movable portion 2 1s stabilized.

More specifically, the inner diameter of the bearing por-
tion 12 continuously increases from the inner diameter D1
toward the mner diameter D2. In FIG. 3, the outer edge of
the hollow portion 12A 1s linearly inclined downward and
radially outward. That 1s, the inner diameter of the bearing
portion 12 continuously increases toward the lower side. As
a result, the manufacturing of a mold for manufacturing the
bearing portion 12 1s facilitated.

Incidentally, for example, a plurality of regions having a
constant mmner diameter in the vertical direction may be
arranged 1n the vertical direction from the inner diameter D1
to the mner diameter D2, and the inner diameter may be
discontinuously increased toward the lower side. This also
makes 1t easy to remove the mold downward.

The first region 121 has a cylindrical shape extending in
the vertical direction. A conductive wire 1s wound around the
radially outer periphery of the first region 121 to form the
coil 13. The coil 13 1s formed by winding a conductive wire
around the center axis J. The radially inner surface of the coil
13 1s 1n contact with the radially outer surface of the first
region 121. That 1s, the first region 121 1ncludes a coil inner
region 121 A arranged on the radially mner side of the coil
13.

The radially outer end position of the first region 121
coincides with the radially inner end position of the coil 13.
As aresult, at the time of manufacturing the vibrating motor
10, the co1l 13 can be wound around the first region 121 after
the bearing portion 12 1s formed, and thus the manufacturing,
cost can be reduced.

The second region 122 includes a cylindrical bearing
cylinder portion 122 A extending in the vertical direction and
a lower end portion 122B arranged below the bearing
cylinder portion 122A. That 1s, the bearing portion 12
includes the bearing cylinder portion 122A. The bearing
cylinder portion 122A has a tubular shape extending 1n the
vertical direction. The bearing portion 12 has the lower end
portion 122B. The lower end portion 122B has a tubular
shape extending along the center axis J. More specifically,
the lower end portion 122B has a cylindrical shape. The
radially outer end of the lower end portion 122B 1s arranged
on the radially outer side relative to the radially outer end of
the bearing cylinder portion 122A. At the time of manufac-
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turing the vibrating motor 10, the bearing portion 12 1s
inserted mto the housing 11 from below. By the insertion, the
upper surface at the radially outer end portion of the lower
end portion 122B comes into contact with the lower surface
of the housing 11 1n the vertical direction. As a result, the
bearing portion 12 can be positioned with respect to the
housing 11 in the vertical direction.

A space surrounded by the radially mnner surface of the
lower end portion 122B 1s a communication hole H1. The
communication hole H1 corresponds to a lower end portion
of the hollow portion 12A. That 1s, the communication hole
H1 which penetrates 1n the vertical direction and allows the
outside of the bearing portion 12 and the mside of a portion
of the bearing portion 12 above the lower end portion 122B
to communicate with each other 1s provided on the radially
inner side of the lower end portion 122B. The reason for
providing the commumcation hole H1 will be described
later.

At the boundary between the lower end portion 122B and
the upper portion of the bearing portion 12 above the lower
end portion 122B, the inner diameter of the lower end
portion 122B (the outer diameter of the communication hole
H1) and the mner diameter of the upper portion are the same.
That 1s, the outer diameter of the movable portion 2, the
inner diameter of the bearing portion 12, and the inner
diameter of the lower end portion 122B of the bearing
portion 12 configuring the communication hole H1 are
substantially the same. As a result, the bearing portion 12
including the lower end portion 122B can be integrally
molded.

In a state where the bearing portion 12 1s housed 1n the
housing 11, the housing 11 1s arranged on the radially outer
side relative to the radially outer end of the coil 13.

The radially outer surface of the bearing cylinder portion
122A 1s arranged on the radially outer side relative to the
radially outer surface of the coil 13. That 1s, the radially
outer surface of the second region 122 1s arranged on the
radially outer side relative to the radially outer surface of the
first region 121. The upper surface of the second region 122
1s arranged to face the lower end of the coil 13 1n the vertical
direction. As a result, the coil 13 can be suppressed from
moving downward from the upper surface of the second
region 122.

The third region 123 has a cylindrical shape extending 1n
the vertical direction. The radially outer end of the third
region 123 1s arranged on the radially outer side relative to
the radially inner end of the coil 13. The lower surface of the
third region 123 1s arranged to face the upper end of the coil
13 1n the vertical direction. The third region 123 1s a flange
portion. As a result, the coil 13 can be suppressed from
moving upward from the lower surface of the third region
123.

The movable portion 2 includes a core portion 21 and a
holding portion 22.

The core portion 21 1s a columnar member extending
along the axial direction. In this example embodiment, the
core portion 21 includes, for example, two magnets arranged
in the vertical direction, and a magnetic body vertically
sandwiched by the magnets. In this case, for example, the
lower side of the upper magnet i1s the N pole, and the upper
side 1s the S pole. The upper side of the lower magnet 1s the
N pole, and the lower side 1s the S pole. That 1s, the N poles
face each other 1n the vertical direction with the magnetic
body mterposed therebetween. When the housing 11 1s made
ol a magnetic material, 1t 1s possible to suppress leakage of
the magnetic field generated by the magnet and the coil 13
to the outside of the vibrating motor 10 and to increase a
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magnetic force. Incidentally, the magnetic pole of each
magnet may be opposite to the above 1n the vertical direc-
tion.

The holding portion 22 holds an upper end portion 21T of
the core portion 21. The holding portion 22 has a columnar
recess 221 recessed upward in a columnar shape. The upper
end portion 21T 1s arranged in the columnar recess 221. The
upper end portion 21T 1s fixed to the columnar recess 221 by,
for example, adhesion. That 1s, the holding portion 22 1is
fixed to the core portion 21.

The holding portion 22 functions as a weight and 1s made
of metal, for example. An example of the metal 1s a tungsten
alloy.

The holding portion 22 has an annular recess 222 recessed
downward 1n an annular shape from the upper surface. The
lower end portion of the elastic portion 3 1s fixed to the
annular recess 222. The elastic portion 3 1s fixed to the
annular recess 222 by welding or adhesion, for example.
That 1s, the elastic portion 3 1s arranged above the movable
portion 2. An upper end portion of the movable portion 2 1s
fixed to a lower end portion of the elastic portion 3.

The top surface portion 14 1s a substantially disk-shaped
lid member centered on the center axis J. The top surface
portion 14 has an annular recess 141 which 1s annularly
recessed upward from the lower surface. The upper end
portion of the elastic portion 3 1s fixed to the annular recess
141. The elastic portion 3 1s fixed to the annular recess 141
by welding or adhesion, for example. That 1s, the top surtace
portion 14 1s fixed to the upper end portion of the elastic
portion 3.

The top surface portion 14 has a top surface flange portion
142 protruding 1n the radial direction. At the time of manu-
facturing the vibrating motor 10, the top surface portion 14
1s 1mnserted 1nto the housing 11 from above. At this time, the
lower surface of the top surface flange portion 142 is 1n
contact with the upper surface of the housing 11 1n the
vertical direction. As a result, the top surface portion 14 can
be positioned 1n the vertical direction with respect to the
housing 11, and the strength of the vibrating motor 10 can
be improved. The top surface portion 14 1s fixed to the upper
end portion of the housing 11.

With such a configuration, the movable portion 2 1s
supported by the top surface portion 14 with the elastic
portion 3 1interposed therebetween. In a state where the
clastic portion 3 has a natural length, as illustrated 1n FIG.
3, a lower part of the core portion 21 1s housed in the hollow
portion 12A of the bearing portion 12. As a result, the core
portion 21 1s supported by the bearing portion 12 so as to be
able to vibrate along the center axis J. That is, the bearing
portion 12 supports the movable portion 2 so as to be able
to vibrate along the center axis J. That 1s, the bearing portion
12 supports the movable portion 2 so as to be able to vibrate
along the center axis J, and has a tubular shape extending
along the center axis J. More specifically, the core portion 21
partially faces the third region 123, the first region 121, and
the bearing cylinder portion 122A 1n the radial dlrectlon on
the radially inner side of the third region 123, the first region
121, and the bearing cylinder portion 122A, respectively.
That 1s, the bearing cylinder portion 122 A 1s arranged to face
the movable portion 2 1n the radial direction. That 1s, the
bearing portion 12 extends along the center axis J and
supports the movable portion 2 so as to be able to vibrate
along the center axis J. Further, the radially outer surface on
the lower side of the movable portion 2 1s supported by the
bearing portion 12, but the lower side of the movable portion
2 1s not supported 1n the axial direction. As a result, as
compared with a case where the movable portion 1s sup-
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ported by an elastic portion or the like from both sides of the
vertical direction, 1t 1s possible to suppress the restoring
force of the movable portion 1n the vertical direction from
becoming larger than necessary. Theretfore, the vibration of
the movable portion 1 the vertical direction can be
increased. Further, since 1t 1s not necessary to arrange the
clastic portion below the movable portion 2, the configura-
tion of the wvibrating motor 10 1s simplified, and mass
productivity 1s improved.

The stationary portion 1 includes the coil 13. In a state
where the elastic portion 3 has a natural length, as illustrated
in FIG. 3, a part of the core portion 21 faces the coil 13 1n
the radial direction with the coil inner region 121A inter-
posed therebetween. That 1s, the coil 13 indirectly faces at
least a part of the movable portion 2 1n the radial direction.
Incidentally, the bearing portion may be provided below the
coil, and the coil may directly face at least a part of the
movable portion 1n the radial direction.

When the coil 13 1s energized, a magnetic field 1s gener-
ated from the coil 13. The movable portion 2 vibrates in the
vertical direction by the interaction between the generated
magnetic field and the magnetic field by the core portion 21.

Since the first region 121 includes the coil mnner region
121 A, the movable portion 2 and the co1l 13 can be separated
by the coil iner reglon 121A. As a result, the radial
thickness of the coil inner region 121A can be reduced, and
the wvibrating motor 10 can be downsized in the radial
direction.

The second region 122 1s arranged below the lower end of
the coil 13. Therefore, by providing the bearing portion 12
with the second region 122 1n addition to the first region 121,
the vertical length of the inner surface of the bearing portion
12 radially facing the movable portion 2 1s increased, and the
inclination of the movable portion 2 during vibration can be
suppressed. As a result, the vibration can be stabilized.

As 1llustrated 1n FIG. 3, 1n a state where the elastic portion
3 has a natural length, a part of the movable portion 2 is
arranged on the radially mner side of each of the radially
inner surface of the first region 121 and the radially inner
surface of the second region 122. As a result, the vertical
length of the movable portion 2 radially facing the inner
surface of the bearing portion 12 1s increased, and the
inclination of the movable portion 2 at the time of vibration
can be suppressed. Therefore, the vibration of the movable
portion 2 1s stabilized. Incidentally, 1n a state where the
clastic portion 3 has a natural length, a part of the movable
portion 2 may not be positioned on the radially inner side of
the second region 122.

The bearing portion 12 has the third region 123 arranged
above the first region 121. As a result, the vertical length of
the mner surface of the bearing portion 12 radially facing the
movable portion 2 1s increased, and the inclination of the
movable portion 2 at the time of vibration can be further
suppressed. Incidentally, the radially outer end of the third
region 123 may be arranged on the radially inner side
relative to the radially inner end of the coil 13.

A lower surface 22A of the holding portion 22 1s arranged
to directly face an upper surtace 123 A of the third region 123
in the vertical direction. That 1s, the movable portion 2 has
the surface 22A which 1s arranged to directly face the upper
surface 123 A of the third region 123 1n the vertical direction.
As a result, the surface 22A of the movable portion 2 can
come 1nto contact with the upper surface 123 A of the third
region 123, and the downward movement of the movable
portion 2 can be restricted. In particular, the downward
movement of the movable portion 2 1s restricted as described
above, so that the movable portion 2 can be suppressed from
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coming out below the second region 122. Further, as will be
described later, when the board 4 1s arranged below the
second region 122, the movable portion 2 can be suppressed
from coming into contact with the board 4.

As 1llustrated 1 FIG. 3, the holding portion 22 has a
protruding portion 223 protruding upward. The protruding
portion 223, that 1s, the upper surface 223 A of the holding
portion 22 1s arranged to directly face the lower surface 14A
of the top surface portion 14 1n the vertical direction. As a
result, the upper surface 223A of the holding portion 22 can
come mto contact with the lower surface 14A of the top
surface portion 14, and the upward movement of the mov-
able portion 2 can be restricted.

FIG. 4 1s a perspective view 1llustrating a configuration
related to electrical connection between the board 4 and the
coil 13. As illustrated in FIG. 4, a recess 12B extending 1n
the vertical direction and recessed radially inward 1s formed
on the radially outer surface of the second region 122 1n the
bearing portion 12. A part of the lead wire 131 drawn out
from the coil 13 1s housed in the recess 12B. Incidentally, the
entire lead wire 131 may be housed 1n the recess 12B. That
1s, 1t 1s suflicient 11 at least a part of the lead wire 131 1is
housed 1n the recess 12.

As a result, 1t 1s not necessary to route the lead wire 131
radially outward of the bearing portion 12. Therefore, as
compared with a case where the lead wire 131 1s routed
radially outward of the bearing portion 12, in the vibrating,
motor 10, the lead wire 131 can be suppressed from inter-
tering with other portions or other members, and the vibrat-
ing motor 10 can be downsized in the radial direction.
Further, the manufacturing efliciency of the vibrating motor
10 1s 1improved.

Further, as illustrated 1n FIG. 4, the board 4 1s arranged
below the second region 122. The board 4 expands in the
radial direction. That 1s, the board 4 expands 1n a direction
intersecting the center axis J. The board 4 may be a flexible
printed circuit board or a ngid printed circuit board.

The bearing portion 12 has a protruding portion 12C
protruding downward from the lower surface of the second
region 122. The lower end portion of the lead wire 131
drawn out downward 1s wound around the protruding por-
tion 12C. That 1s, the lead wire 131 1s tied to the protruding
portion 12C.

The board 4 includes a first electrode portion 41 and a
second electrode portion 42. The first electrode portion 41
and the second electrode portion 42 are electrically con-
nected by a wiring pattern (not illustrated in FIG. 4) inside
the board 4. At the time of manufacturing the vibrating
motor 10, an operation of attaching the board 4 to the second
region 122 and electrically connecting the first electrode
portion 41 and the lead wire 131 tied to the protruding
portion 12C by soldering or the like 1s performed. The
operation may be performed automatically or manually.
Therefore, the vibrating motor 10 can be manufactured with
more excellent workability compared to the case of directly
connecting the lead wire to the board. Further, with a
mechanism of binding the lead wire 131 with the protruding
portion 12C, the rehability of the electrical connection
between the lead wire and the board 4 1s improved even in
a case where the outer diameter of the lead wire 1s small.
Theretfore, even 1n a case where the outer diameter of the
lead wire 1s small or large, the reliability of the electrical
connection between the lead wire and the board 1s improved.
Thus, the outer diameter of the lead wire can be adjusted
according to the application of the vibrating motor, and the
clectric resistance and output characteristics of the coil 13
can be easily adjusted.
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In this manner, the lower end portion of the lead wire 131
drawn out downward from the coil 13 1s electrically con-
nected to the board 4. As a result, the routing of the lead wire
131 for electrically connecting the coil 13 and the board 4 1s
facilitated.

The board 4 has a plurality of notch portions 4A recessed
from the radially outer edge of the board 4 1n a direction of
approaching the center axis J. The bearing portion 12 has a
plurality of protruding portions 12D protruding downward
from the lower surface of the second region 122. The
plurality of protruding portions 12D are housed 1n the
plurality of notch portions 4A. As a result, the board 4 can
be positioned.

As 1illustrated in FIG. 3, the board 4 overlaps the com-
munication hole H1 1n the vertical direction 1n a state where
the board 4 1s attached to the lower end portion 122B. As a
result, 1t 1s possible to suppress 1ntrusion of foreign matter
into the bearing portion 12.

Next, a method of manufacturing the vibrating motor 10
will be described.

At the time of manufacturing the vibrating motor 10, a
configuration 1 which the housing 11, the bearing portion
12, and the coil 13 are integrated 1s assembled in advance as
a first unit Ul. On the other hand, a configuration 1n which
the core portion 21, the holding portion 22, the elastic
portion 3, and the top surface portion 14 are integrated 1s
assembled 1in advance as a second unit U2.

Then, as 1llustrated 1n FIG. 5, the first unit U1 1s installed
on a j1g 20. The jig 20 has a recess 20A which 1s recessed
in a columnar shape downward from the upper surface of the
11g 20, and a through-hole 20B which penetrates from the
recess 20A to the lower surface of the jig 20. The center axis
of the recess 20A and the center axis of the through-hole 20B
coincide with each other. The outer diameter of the recess
20A 1s substantially the same as the outer diameter of the
housing 11. The outer diameter of the through-hole 20B 1s
smaller than the outer diameter of the recess 20A.

When the first unit U1 1s installed in the j1g 20, the lower
side of the first unit U1 1s inserted into the recess 20A, and
the bottom surface of the first unit U1 1s brought into contact
with a boundary surface 20S between the recess 20A and the
through-hole 20B. The boundary surface 20S 1s an upper
surface of a portion 1n which a tubular portion of the jig 20
configuring the recess 20A protrudes radially inward.

Then, a bar-shaped j1g 30 1s inserted into the jig 20
through the through-hole 20B. The jig 30 1s inserted upward
in the order of the inside of the bearing portion 12 and the
inside of the housing 11, and is fixed to a lower surface 2B
of the movable portion 2 (core portion 21) in the second unit
U2 outside the housing 11. FIG. 3 1llustrates this fixed state.

In a case where the j1g 30 1s made of a magnetic matenial,
the j1g 30 1s fixed to the lower surface 2B by bringing the jig
30 1into contact with the lower surface 2B. Further, 1n a case
where the j1ig 30 1s made of a non-magnetic matenal, the
upper surface of the j1g 30 and the lower surface 2B are fixed
with an instantaneous adhesive. Incidentally, the upper sur-
face of the j1g 30 and the lower surface 2B may be fixed by
another method.

After the j1g 30 and the movable portion 2 are fixed, the
11g 30 1s pulled downward as indicated by an arrow 1n FIG.
5. As a result, the second unit U2 1s pulled downward
together with the jig 30, and the core portion 21 1s mserted
into the housing 11 from above. When the jig 30 1s con-
tinuously pulled downward, the core portion 21 1s mserted
into the bearing portion 12.

At least a part of the lower surface 2B of the movable
portion 2 overlaps the communication hole H1 1n the vertical
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direction. Here, as illustrated in FIG. 3, in this example
embodiment, the entire lower surface 2B of the movable
portion 2 (core portion 21) overlaps the communication hole
H1 1n the vertical direction. The entire lower surface 2B
vertically overlapping the communication hole H1 means
that in a case where the radially outer edge of the commu-
nication hole H1 i1s projected upward, the entire lower
surface 2B 1s included 1n the projected radially outer edge.
As aresult, the j1g 30 can be 1nserted 1nto the bearing portion
12 from the communication hole H1, the j1g 30 can be fixed
to the lower surface 2B, and the movable portion 2 can be
pulled downward by the jig 30 and arranged inside the
bearing portion 12.

When the core portion 21 1s pulled into the bearing
portion 12, the holding portion 22 and the elastic portion 3
are 1nserted into the housing 11, and the top surface portion
14 can be fitted 1nto the upper end portion of the housing 11.
After the top surface portion 14 1s attached to the housing 11,
the j1g 30 1s detached from the movable portion 2 by
inclining the jig 30. Incidentally, another method may be
used to detach the j1g 30 from the movable portion 2.

As described above, the manufacturing efliciency of the
vibrating motor 10 can be improved by using the j1g. At this
time, the movable portion 2 1s arranged in the bearing
portion 12, and thus the movable portion 2 can be accurately
arranged 1n the radial direction.

Incidentally, 1n a case where the housing 11 1s made of a
magnetic material, and the jig 30 made of a magnetic
material and the movable portion 2 are connected only by a
magnetic force, there 1s a possibility that the core portion 21
1s detached from the j1g 30 and adsorbed to the housing 11
by an attractive force. Therefore, 1n such a case, 1t 1s
desirable to fix the j1g 30 made of a non-magnetic material
and the movable portion 2 with an 1nstantaneous adhesive.

Incidentally, the inner diameter D1 at the upper end of the
bearing portion 12 may be larger than the mner diameter D2
at the lower end of the bearing portion 12. In this case, 1t 1s
casy to remove the mold upward with respect to the bearing
portion 12 at the time of manufacturing the bearing portion
12. Further, when the movable portion 2 1s drawn 1nto the
bearing portion 12 using a j1g, the movable portion 2 1s less
likely to come into contact with the bearing portion 12.

FIG. 6 1s a partial longitudinal sectional view of the lower
side of the vibrating motor 10 according to a modification.
As 1llustrated 1n FIG. 6, the bearing portion 12 includes the
bearing cylinder portion 122A and the lower end portion
122B. The bearing cylinder portion 122A 1s similar to that of
the above-described example embodiment. The lower end
portion 122B 1s arranged below the bearing cylinder portion
122A and 1s a separate body from the bearing cylinder
portion 122A. That 1s, the bearing portion 12 has the lower
end portion 122B which i1s arranged below the bearing
cylinder portion 122A and i1s a separate body from the
bearing cylinder portion 122A.

The lower end portion 122B has the communication hole
H1. The outer diameter of the communication hole H1 1s
smaller than the inner diameter of the lower end of the
bearing cylinder portion 122A. A part of the lower surface
2B of the movable portion 2 (core portion 21) overlaps the
communication hole H1 1in the vertical direction. When a
part of the lower surface 2B overlaps the communication
hole H1 1n the vertical direction, this means that the area of
the communication hole H1 1s smaller than the area of the
lower surface 2B in the direction orthogonal to the center
axis J, and when the radially outer edge of the communi-
cation hole H1 1s projected upward, the 1nside of the radially
outer edge overlaps the part of the lower surface 2B.
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Even with such a configuration, similarly to the above-
described example embodiment, it 1s possible to 1nsert a j1g
into the commumnication hole H1, fix the jig to the lower
surface 2B of the movable portion 2 in the second unit U2,
pull the movable portion 2 by the j1g, and arrange the
movable portion 2 in the bearing portion 12. That 1s, 1t 15
suflicient 1f at least a part of the lower surface 2B of the
movable portion 2 overlaps the communication hole H1 in
the vertical direction.

Since the lower end portion 122B 1s a separate body, the
communication hole H1 overlapping a part of the lower
surface 2B of the movable portion 2 in the vertical direction
1s easily formed 1n the lower end portion 122B. In particular,
in a case where the inner diameter D2 1s larger than the inner
diameter D1 (FIG. 3), when the bearing portion 12 including
the lower end portion 122B having the communication hole
H1 as described above 1s mtegrally formed with a mold, 1t
1s dithicult to pull out the mold. Therefore, 1t 1s desirable that
the lower end portion 122B be a separate body.

In the configuration illustrated in FIG. 6, the lower end
portion 122B of the bearing portion 12 has an inward
extending portion 1221 extending to the radially 1nner side
relative to the radially mner end of the bearing cylinder
portion 122A. An upper surface 1221 A of the inward extend-
ing portion 1221 1s arranged so as to face a part of the lower
surface 2B of the movable portion 2 1n the vertical direction.
A part of the lower surface 2B has an annular shape. As a
result, the board 4 can be fixed to the lower surface region
facing the upper surface 1221A 1n the vertical direction with
an adhesive or the like. Therefore, the board 4 can be firmly
and easily fixed. Further, even 1n a case where a configu-
ration 1n which the lower surface 22 A of the holding portion
22 and the upper surface 123A of the third region 123 face
cach other in the vertical direction to restrict the downward
movement ol the movable portion 2 1s not provided, the
lower surface 2B of the movable portion 2 can come into
contact with the upper surtace 1221A, so that the downward
movement of the movable portion 2 can be restricted.

FIG. 7 1s a perspective view 1llustrating the lower end
portion 122B of the bearing portion 12 according to another
modification. FIG. 7 1s a view of a state in which the board
4 1s detached.

As 1llustrated 1n FIG. 7, a groove-shaped communication
portion 1222 extending in the radial direction and recessed
upward from the lower surface of the lower end portion
1228 1s formed 1n the lower end portion 122B. The com-
munication portion 1222 allows the radially inner space and
the radially outer space of the lower end portion 122B to
communicate with each other. That 1s, the bearing portion 12
has the communication portion 1222 for communicating the
radially inner space and the radially outer space of the
bearing portion 12. As a result, 1n a case where the movable
portion 2 vibrates up and down, the gas inside the bearing
portion 12 1s discharged to the outside of the bearing portion
12 through the communication portion 1222, so that 1t 1s
possible to suppress a decrease 1n amplitude of vibration due
to compression of the gas inside the bearing portion 12.
Further, in the configuration in which the board 4 closes the
lower side of the bearing portion 12 as in this example
embodiment, a configuration in which the communication
portion 1222 1s provided 1s particularly useful.

Incidentally, the communication portion 1222 1s not lim-
ited to the groove shape, and may be formed as, for example,
a through-hole penetrating the bearing portion 12 1n the
radial direction.

FIG. 8 1s a view schematically illustrating a touch pen 50
as an example of a target device mounted with the vibrating
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motor 10. The touch pen 50 1s a device which operates a
device such as a smartphone or a tablet by being brought into
contact with a touch panel of the device. When the touch pen
50 1s mounted with the vibrating motor 10, the touch pen 50
can be vibrated to give haptic feedback to a user. That 1s, the
touch pen 50 1s an example of a haptic device including the
vibrating motor 10. That 1s, the haptic device includes the
vibrating motor 10. For example, the haptic feedback can
give the user a feeling as 1f a character or the like 1s written
on paper or the like with the touch pen 50. When the
vibrating motor 10 1s mounted i1n a haptic device, 1t 1s
possible to realize a haptic device having the vibrating motor
10 with high manufacturing efliciency.

The target device 1s not limited to the touch pen, and
various devices such as an aerial operation device can be
mounted with the vibrating motor 10. For example, a device
such as an electronic pen, an electronic writing nstrument,
or a mouse may be mounted with the vibrating motor 10, and
the device may be used as an electronic device capable of
inputting a stereoscopic 1mage or a virtual reality image.

In particular, 1n a case where the vibrating motor 10 1s
mounted 1n a device such as a touch pen, 1t 1s necessary to
reduce the size of the vibrating motor 10, but even the
vibrating motor 10 having such a small size can be easily
manufactured by using the j1g as described above.

The present disclosure can be used for a vibrating motor
mounted in various devices such as a touch pen, for
example.

Features of the above-described preferred example
embodiments and the modifications thereol may be com-
bined appropriately as long as no contilict arises.

While example embodiments of the present disclosure
have been described above, 1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present disclosure. The scope of the present disclosure,

therefore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. A vibrating motor comprising:

a stationary portion; and

a movable portion able to vibrate with respect to the
stationary portion along a center axis extending 1n a
vertical direction; wherein

the stationary portion includes:

a bearing portion which supports the movable portion
to be able to vibrate along the center axis and has a
tubular shape extending along the center axis; and

a coil which directly or indirectly opposes at least a
portion of the movable portion 1n a radial direction;

a lower end portion of the bearing portion has a tubular
shape extending along the center axis;

a communication hole which penetrates 1n the vertical
direction and allows an outside of the bearing portion
and an 1nside of a portion above the lower end portion
of the bearing portion to commumnicate with each other
1s provided on a radially inner side of the lower end
portion;

at least a portion of a lower surface of the movable portion
overlaps the communication hole 1n the vertical direc-
tion; and

a groove-shaped communication portion extending in the
radial direction and recessed upward from a lower
surface of the lower end portion 1s defined 1n the lower
end portion.

2. The wvibrating motor according to claim 1, further

comprising;

10

15

20

25

30

35

40

45

50

55

60

65

12

an elastic portion that 1s above the movable portion;
wherein

an upper end portion of the movable portion 1s fixed to a
lower end portion of the elastic portion; and

the stationary portion includes:

a housing which houses the movable portion and the
clastic portion; and

a top surface portion which i1s fixed to an upper end
portion of the housing and fixed to an upper end portion
of the elastic portion.

3. The vibrating motor according to claim 1, wherein

an outer diameter of the movable portion, an 1nner diam-
cter of the bearing portion, and an inner diameter of the
lower end portion of the bearing portion configuring the
communication hole are all equal or substantially
equal.

4. The vibrating motor according to claim 1, wherein

an ner diameter at an upper end of the bearing portion
1s larger than an inner diameter at the lower end portion
of the bearing portion.

5. The wvibrating motor according to claim 1, further

comprising;

a board which 1s below the bearing portion and expands
in a direction intersecting the center axis; wherein
the board overlaps the communication hole 1n the vertical

direction.

6. A haptic device comprising:

the vibrating motor according to claim 1.

7. The vibrating motor according to claim 1, wherein

the bearing portion includes a bearing cylinder portion
which opposes the movable portion in the radial direc-
tion and has a tubular shape extending in the vertical
direction;

the lower end portion of the bearing portion includes an
inward extending portion extending to a radially inner
side relative to a radially inner end of the bearing
cylinder portion; and

an upper surface of the inward extending portion opposes
a portion of the lower surface of the movable portion 1n
the vertical direction.

8. The vibrating motor according to claim 7, wherein

the bearing portion 1ncludes the lower end portion which
1s below the bearing cylinder portion and 1s a separate
structure from the bearing cylinder portion.

9. The vibrating motor according to claim 1, wherein

an inner diameter at an upper end of the bearing portion
1s smaller than an inner diameter at the lower end
portion of the bearing portion.

10. The vibrating motor according to claim 9, wherein

the mner diameter of the bearing portion continuously
increases toward a lower side.

11. The vibrating motor according to claim 9, wherein

the bearing portion includes:

a bearing cylinder portion which opposes the movable
portion 1n the radial direction and has a tubular shape
extending 1n the vertical direction; and

the lower end portion which 1s below the bearing cylinder
portion and 1s a separate structure from the bearing
cylinder portion;

the lower end portion of the bearing portion includes an
inward extending portion extending to a radially inner
side relative to a radially inner end of the bearing
cylinder portion; and

an upper surface of the inward extending portion opposes
a portion of the lower surface of the movable portion 1n
the vertical direction.
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